Selectively oxidized vertical cavity surface emitting lasers (VCSELS) have been studied by spectrally resolved near field scanning optical microscopy (NSOM). We have obtained spatially and spectrally resolved images of both subthreshold emission and lasing emission from a selectively oxidized VCSEL operating at a wavelength of 850 nm.
Since the introduction of selectively oxidized vertical cavity surface emitting lasers (VCSELS),"2 significant progress has been achieved in developing high performance VCSELS. Selective oxidation is an efficient and convenient current confinement scheme which, because of superior electrical confinement within the active area, is leading to lower threshold currents.3'4 The existence of oxidized layer also provides optical confinement in the laser cavity and thus optical modes are more tightly confined in the active area than for an implanted VCSEL; this results in low diffraction loss enabling high efficiency.4'5 The higher optical confinement behavior in oxidized VCSELS also results in more distinct and complex multimode emission, demanding a novel method to identi~the VCSEL modal structures. Previously, near field scanning optical microscopy (NSOM) with a subwavelength spatial resolution has been successfidly used to identifi the spatial and spectral mode structures of proton implanted VCSELS.68 We report here on spectrally-resolved NSOM results which show directly that the oxidized VCSEL has a significantly different modal distribution than an implanted VCSEL, both in subthreshold emission and lasing emission. Furthermore below threshold local high gain regions, emitting local intensity maxima within the active area, were found to serve as lasing centers just above threshold. Above threshold the near field spatial modal distributions low order transverse modes were identified by spectrally analyzing the emission; these of were found to be complex and significantly different from that measured in the far field.
A selectively oxidized VCSEL having a 5 m square oxide aperture was investigated.
In the top and bottom AKiaAs mirrors, 40 nm layers (amx-oximatelv marter wavelemzth thick) were oxidized in the third Period above and below the active region which contained five 8 nm quantum wells. 
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red-shifted with increasing injection current due to the temperature dependence of the refractive indices. The NSOM collection mode has been used here, where a tip with a 100 nm optical aperture is placed above the laser output aperture thus collecting the laser emission from the sample mounted on a piezo stage. The regulation of constant tip height in the near field ( <20 nm) was achieved using shear force detection. For far field measurements in various heights from the laser surface, the sample stage was moved vertically with respect to the NSOM tip. To obtain the emission patterns of the samples without any spectral information, collected light was counted with a photon counting system. For spectroscopic NSOM measurements, collected light from the tip is coupled into a triple spectrometer and the fill spectra (spectral range -2 wn) were recorded by a higher emission. This suggests the existence of a higher density of injected carriers in these regions; since these regions will experience higher gain @rovided by the higher carrier densities), lasing action should occur preferentially in these regions.
A lasing threshold at 2.2 mA and a linear increase output power with injection current were observed from the sample. As the current goes over the lasing threshold, the broad plateau emission profile changes into several localized emissions. As shown in Fig. 2a , just above the threshold at 3.0 rnA, the emission pattern consists of several local maximum intensity regions. An even more complex emission pattern is observed in Fig. 2b at a higher current of 6.5 mA. The same regions (indicated with arrows) which showed slightly higher emission in subthreshold emission now serve as distinct lasing centers. The upper region, which had the highest intensity in the subthreshold emission, lases first as shown in Fig. 2(a) , and subsequently the region on the left side region lases at the higher injection current, as shown in Fig. 2(b) . Thus, certain regions within the laser cavity are regions preferred for carrier injection creating locally higher gains and thus local intensity maxima in these regions.
We have observed a number of transverse modes at all injection currents above Iasing The spatial distribution of the fundamental mode (Fig. 3a) (Fig. 2a ) and 6.5 mA (Fig. 2b) .
Just above the threshold current lasing is initiated from the region where higher subthreshold emission were observed (indicated with the upper arrow). Additional local emissions are observed at a higher injection current of 6.5 mA, including the lower left region (indicated with an arrow). (Fig. 3a) and 10 rn way from the laser surface (Fig. 3b) .
mode displays a circular shape located on the aperture center and the first order transverse mode displays a double lobe shape similar to LPI, mode observed from implanted VCSELS. Note this single wavelength emission displayed in Fig. 3a consists of several local intensity peaks. Due to the lower spatial resolution, a smooth emission pattern is observed in the far field (Fig. 3b) .
